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@ There is disclosed a glass melting furnace 
(50,50a,50b.50c) having various forms of baffles (52; 
52a-52c. 72a-72c; 52,72; 92.94; 102; 104; 110,118; 
120; 140a. 140b) located within the melt for dividing 
the furnace into zones and creating extended flow 
paths within the furnace. This Increases the mini- 
mum residence time of the glass within the furnace 
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GLASS MELTING FURNACES 



The present invention relates to Improvements 
in glass melting furnaces. In particular, the im- 
proved glass melting furnace has one or more 
internal baffles. The baffles confine and direct glass 
flow within the furnace so that temperature control 
and fining is Improved. 

In a glass melting furnace, the time an element 
of glass remains jn the furnace is called the resi- 
dence time. Residence time has a significant Influ- 
ence on glass quality. As a practical matter, not 
every element of glass in the furnace has the same 
residence time. Therefore, the shortest time it takes 
an element of glass to travel from the inlet of the 
furnace to the outlet is called the minimum resi- 
dence time (sometimes hereinafter referred to as 
the MRT). 

In effect, the glass quality Is a direct function of 
the MRT. If the MRT is too short the glass will not 
be fully melted or refined. If the MRT is too long, 
the efficiency of the furnace will t>e reduced. The 
factors affecting the MRT must therefore be char- 
acterized and quantified before the MRT may be 
controlled accurately. 

One factor of interest Is the shortest path from 
the inlet to the outlet In a glass melting furnace, 
the shortest path is not necessarily a straight line 
from the inlet to the outlet because molten glass 
does not usually move uniformly in a straight line. 

It is well known that the density of glass is a 
function of its temperature. The temperature differ- 
ences in the glass resulting from localized heat 
input in the fumace cause the hotter, lighter glass- 
es to nse and the heavier, cooler glasses to de- 
scend. This movement of glass Is commonly called 
convection. 

The shortest flow path from the inlet to the 
outlet of a fumace is a function of the pattern of 
rising and descending glass In the fumace. The 
location and magnitude of heat input, the glass 
composition and the furnace geometry Influence 
the convection pattern and the MRT, Heat input 
and location affect the magnitude and direction of 
glass fiow. Glass composition affects convection 
because Infrared transmission is highly dependent 
thereon, and convection is strongly dependent on 
the transmission of infrared radiation through the 
glass. Such transmission is difficult to control be- 
cause small changes in the glass composition may 
have a significant affect on infrared transmission. 
However, the fumace geometry is the most pre- 
dominant factor affecting convection because it Is 
the most difficult to change once the furnace Is 
built 

If the volume of glass In the furnace Is rela- 
tively large and unobstructed, the glass is free to 



move anywhere in the fumace under the Influence 
of the heat input Unrestricted movement of glass 
caused by heating is called free convection. If the 
glass Is confined to a relatively small volume, for 
5 example a pipe or a duct the movement of glass is 
directed or channeled. This is called forced con- 
vection. 

If the furnace is designed so that the glass is 
channeled, and thereby undergoes forced convec- 

10 tion. the MRT may be more accurately controlled. 

If the fumace Is designed to melt only one type 
of glass, the design may be rigidly adapted to 
produce an optimum MRT for that particular glass. 
If the fumace is built to melt a variety of glasses. 

IS the design must be flexible enough to allow opera- 
tion of the fumace under various conditions so that 
ea<^ glass composition experiences the correct 
MRT. 

It has been found that certain glasses have 

20 improved quality when subjected to relatively high 
temperatures for a sustained period of time, and 
also when such glasses are provided with a length- 
ened flow path, such as by flowing the glasses in 
paths of limited depths along horizontal surfaces 

25 transversely of the shortest patii extending axially 
of the fumace between the inlet and outlet ends 
thereof. The relatively high temperature helps to 
put glass batch materials into solution and signifi- 
cantly reduces tiie problems of unmelted batch 

30 stones in the glass. The transverse horizontal patfis 
of limited deptii not only allow air bubbles or seeds 
to agglomerate and move up and out of the glass, 
but also Increase the length of tiie flow path 
through the furnace and thereby increase the MRT. 

35 The present invention uses both tiiese tech- 
niques, through the use of baffles hereinafter de- 
scribed, to improve glass quality. The baffles, 
made of a material which Is highly resistant to 
deformation and aeep such as molybdenum, also 

40 divide the furnace Into separate zones, each of 
which may undergo Independent temperature con- 
trol. This produces a flexible fumace capable of 
handling a wide variety of glass compositions. Oth- 
er advantages of the Invention will be pointed out in 

46 the following description. 

Figure 1 is a schematic side sectional view 
of an electric glass melting fumace. 

Rgure 2 is a schematic side sectional view 
of a furnace of tiie present invention illustrating a 

50 single aperture baffle. 

Rgure 3 Is a schematic side sectional view 
of another embodiment of tiie fumace of the 
present Invention having a plurality of baffles creat- 
ing an elongated forced convection pattern. 
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Figure 4 is a schematic side sectional view 
of a furnace of the present Invention utilizing a 
single aperture baffle and an Insulated baffle. 

Figujre 5 is a schematic side sectional view 
of another embodiment of the furnace of the 
present Invention utilizing cylindrical baffles. 

Rgures 6a-6c Illustrate variations of the 
above, mentioned embodiments in fragmented 
schematic side sectional views. 

Figures 7a-7d illustrate circumferential baf- 
fles forming additional embodiments of the inven- 
tion. 

In the preferred embodiment, the present in- 
vention comprises a vertical glass melting furnace 
having upstanding sidewalls and a bottom wall for- 
ming a vessel for containing a bath of molten glass 
therein. Means is provided for introducing heat 
energy into the furnace for melting the glass. The 
molten glass moves along a flow path, from an inlet 
to an outlet of the furnace, at a characteristic flow 
rate for such glass at a given temperature. The 
molten glass tends to form at least one pattern of 
convection, driven by temperature differences in 
the glass, resulting at least in piart from heat en- 
ergy Introduced by said melting means. Baffle 
means, located within the molten glass, forms a 
barrier across the furnace transversely of the flow 
path thereof. Said barrier Is provided with a pas- 
sageway for the glass. The baffle means divides 
the furnace into at least two zones, creating forced 
convection from one zone Into the other. The baffle 
increases the length of the flow path from the inlet, 
through the passageway and to the outlet; reduces 
free convection by limiting the idepth or volume of 
the individual flow paths; and Increases minimum 
residence time of glass within the furnace. 

Other variations and modifications of the inven- 
tion will become apparent in the following descrip- 
tion. 

Figure 1 shows a vertical glass melting furnace 
10 of the type shown in U.S. Patent No. 4.366.571. 
issued December 28, 1982. The furnace 10 has an 
inlet end 11, a bottom wall 12 and upstanding 
sidewalls 16. Bottom wall 12 has an outlet 14 
tfierein. The furnace 10 contains a batii of molten 
glass 20. Glass forming batch materials, forming 
batch blanket 22. are deposited at the inlet end on 
top of molten glass 20 In a known manner. Elec- 
trodes 18. passing tiirough the batch blanket 22 
near center C of the furnace 10. are coupled to a 
source of electrical energy (not shown). The elec- 
trodes 18 dissipate electrical energy in the molten 
glass 20 in a known manner. The electrical energy 
is concentrated near the upper portion of the bath 
20. 

In the furnace 10 of Figure 1, the sidewalls 16 
are somewhat removed from the concentrated heat 



energy provided by the electrodes 18, and tend to 
be cooler than the center C. The glass 20 near the 
sidewalls 16 tends to be cooler and heavier tiian 
glass near the center C. Thus, a primary free 

5 convection cun'ent 24 is set up in the furnace 10 
which moves from the center C. horizontally under 
the batch blanket 22. down along the sidewalls 16 
and along bottom wall 12 to tiie outiet 14, A portion 
of the primary convection current 24 is re-circu- 

10 lated as a secondary current 26 for re-circulation 
towards tiie electrodes 18 and the center C of the 
furnace. 

The minimum residence time (MRT) in tiie 
furnace 10 can be calculated as the time it takes 

75 an element of glass to move from a point 15 at an 
upper inlet portion of the fumace 10. near the 
sidewall 16 immediately below the tpatch blanket 
22, to the outlet 14. Some glass will be re-cir- 
culated along the recirculation path 26. However, a 

20 certain portion of the glass 20 never experiences 
tiie high heat concentrated near the electrodes 18. 
This may cause glass quality problems because, 
unless the glass 20 experiences high heat or a 
reasonably long residence time, seeds and stones 

25 may not be dissolved or dissipated. 

Figures 2 through 6 illustrate various embodi- 
ments of a fumace Incorporating baffles for sup- 
pressing free convection and increasing the MRT. 
In Figure 2, fumace 50 has an inlet end 11, a 

30 bottom wall 12 forming an outlet end, and a 
sidewall 16. Bottom wall 12 has an outiet opening 
14 therein. The fumace 50 contains a batii of 
molten glass 20, and a batch blanket 22 floating on 
top of tiie glass 20 adjacent inlet end 11. Elec- 

35 trodes 18 pierce tiie batch blanket 22 near tiie 
center C of the furnace 50 for supplying electilcal 
energy to tiie glass 20. A baffle 52. tocated within 
the fumace 50, may be supported by brackets or 
wall abutment means 53 and legs 56. and extends 

40 transversely across the shortest path l)etween tiie 
inlet and outiet ends of tiie fumace. which paUi 
extends substantially axially of outiet 14. The baffle 
52 segments tiie furnace 50 into respective upper 
and lower zones 56 and 58 and essentially sepa- 

45 rates the volume of molten glass in each zone from 
tiie other. The baffle 52 has a relatively small flow 
passageway tiiereln In the form of an aperture or 
opening 54, which allows for communication be- 
tween tiie upper and lower zones 56 and 58. Pref- 

50 erabiy, the aperture 54 has a limited maximum 
diameter 0 In order to avoid free convection cur- 
rents between tfi© molten glass in the adjacent 
zones, but one which is sufficient to minimize tiie 
pressure difference across tiie baffle 52, 

65 A convection current 64 is generated in the 

upper zone 56. by heat dissipated by tiie elec- 
trodes 18. The upper free convection current 64 
extends from a melt zone along the bottom of the 
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batch blanket 22, down the sidewalls 16 and along 
an upper surface 60 of the baffle 52. Some of the 
glass 20 recirculates in an upper recirculation con- 
vection current 66, as shown, and some of the 
glass 20 flows through the aperture 64 Into the 
lower zone 58. A lower convection current 68 fol- 
lows a lower surface 62 of the baffle 52 outwardly 
towards the sidewalls 16. down the same and along 
the bottom wall 12 to the outlet 14. A lower recir- 
culation convection current 70 carries some of the 
glass 20 back into the lower convection current 68 
as shown. The lower convection current 68 results 
from the heat in the upper portion of the furnace 50 
being radiated across the baffle 52« and the dif- 
ference in temperature between the center of the 
fumace and the sidewalls. However, current 68 
moves more slowly than the current 24 shown In 
Figure 1. tjecause the glass ftowing in current 64 
along surface 60 (transversely of the shortest axial 
path) is heated by electrodes 18 as it flows toward 
aperture 54, and hence the temperature difference 
of the glass between the center C and sidewalls 16 
is less than that exhibited in fumace 10. The trans- 
verse flow along surfaces 60 and 62 Increases the 
length of the flow path through furnace 50, which 
together with the slower flow of current 68, in- 
creases the MRT of the glass within the fumace. 

Fumace 50a. shown in Figure 3. illustrates a 
variation of the fumace 50 desaibed above. A 
plurality of baffles 52a. 52b and 52c, hereinafter 
sometimes refen-ed to either collectively or individ- 
ually as apertured baffles, are located in the fur- 
nace 50a. Each baffle 52a, 52b and 52c has a 
respective aperture or opening 54a, 54b and 54c 
as shown. Below each of the apertured baffles 52a, 
52b and 52c is a respective baffle 72a, 72fa and 
72c, sometimes hereinafter referred to collectively 
as intermediate baffles. The apertured baffles 52 
and intemnedlate baffles 72 may be supported by 
brackets 53 and legs 55, the latter bearing against 
the respective baffle therebelow or the furnace 
bottom 12 as shown on the right side of Rgure 3. 
The intermediate baffles 72a, 72b and 72c are 
preferably in the form of plates or conical discs 
having a cross-section similar to that of the fur- 
nace. The baffles 72 provide a gap or passageway 
G for the glass 20 between a marginal edge 73 
thereof and the sidewalls 16 of the fumace 50a, 
The apertured baffles 52a, 52b and 52c are sepa- 
rated from the intermediate baffles 72a, 72b and 
72c by a spacing S, detemilned by the height of 
the various legs 55. The legs 55, which may be In 
the form of perforated cylindrical members, have 
been omitted on the left side of Rgure 3 for pur- 
poses of clarity in showing the flow path through 
lower section 58. In the embodiment of Figure 3. 
spacing S is shown to be uniform. The baffles 
described above are preferably conical in shape 



and highly resistant to deformation or creep. 

The fumace 50a may be considered to be 
divided into two main sections, namely, the upper 
section 56 and the lower 58, The upper section 56 

6 has an upper free convection current 64 and a 
recirculation convection current 66. The lower sec- 
tion 58 has a forced convection current 78 which 
follows the flow path as shown. The convection 
current or flow path 78 extends from the aperture 

10 54a in the baffle 52a towards the sidewalls 16. 
around the marginal edge 73 of the intermediate 
baffle 72a, then towards the aperture 54b in the 
baffle 52b. and so on through a serpentine or 
tortuous path to the outlet 14 of the furnace 50a. In 

15 this way, the glass 20 flows along an extended 
path of limited depth from the bottom of the upper 
portion 56 of the fumace 50a to the outlet 14. The 
minimum residence time is increased by virtue of 
the long flow path, extending- transversely of the 

20 shortest path between the melting zone and outlet, 
that the glass 20 must follow to reach the outlet 14, 
Depending upon the spacing S between the sur- 
faces of apertured baffles 52a, S2b and 52c and 
the respective Intemnedlate baffles 72a. 72b and 

25 72c, which governs the volume or vertical depth of 
the glass within each flow space bounded thereby, 
there is little or no free convection in the kswer 
portion 58 of the furnace 50. The spacing S. the 
gap Q and the diameter D of the openings 54a. 

30 54b and 54c are each a function of the particular 
furnace design. 

In Rgure 4, fumace 50b includes an apertured 
baffle 52 and an intermediate baffle 72x. The flow 
patterns are similar to those Illustrated in Rgures 2 

35 and 3, including upper convection current 64 with 
upper recirculation convection current 66. and an 
extended convection current or flow path 78, The 
usual support legs have been omitted for purposes 
of clarity. 

40 The intermediate baffle 72x is insulated, as 
shown, and includes upper and lower plates 80 and 
82 bounded by a marginal plate 84. The interior of 
the baffle 72x contains a body of insulation 86. 
The Insulated intermediate baffle 72x reduces 

45 heat ftow from the upper portion 56 of the fumace 
50b and the area 89 directly above the baffle 72x, 
into the lower portion 87 directly below it. Because 
the baffle 72x effectively blocks the radiation and 
conduction of heat from the area 89 to the lower 

50 portion 87, the heat which is lost from the bottom 
wall 12 of the fumace 50b. must originate from the 
glass In flow path 78 rather than directly from the 
electrodes. Hence, since a supply of energy is 
removed from the glass in lower portion 87. so the 

56 temperature of the glass flowing through outlet 14 
is greatly reduced. Because less energy is re- 
moved from the fumace in the discharged glass, 
less power must be supplied to the upper portion 
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56 of the furnace 50b, thereby Increasing the effi- 
ciency of the furnace 50b, Further, because the 
temperature of the glass 20 leaving the furnace 
50b is reduced, the cost of glass cooling equip* 
ment downstream is reduced. It should be under- 
stood that the apertured baffle 52 may be an 
insulated structure similar to that of the Insulated 
baffle 72x referred to above. Further, either may be 
used abne or in combination with other baffles 
herein described. 

There may also be provided a hot spot elec- 
trode 88, shown piercing the batch blanket 22 in 
the center C of the furnace 50b. The hot spot 
electrode 88 may fire to the apertured baffle 52 
and thereby create a very hot zone 90 in the 
vicinity of the aperture 64. Thus, the glass 20 
melted in the upper portion 56 of the furnace 50 
experiences a high concentration of heat energy in 
the hot zone 90. The hot spot electrode 88 may be 
used with any baffle herein described. The hot spot 
electrode 88 is especially useful with the Insulated 
intermediate baffle 72x because the insulation pro- 
vided by the baffle 72x enhances the efficiency of 
the hot zone 90 produced by said hot spot elec- 
trode 88 by Inhibiting radiation loss through the 
bottom wait. 

Rgure 5 illustrates another embodiment of the 
present invention wherein opposed respective up- 
per and lower cylindrical baffles 92 and 94 are 
located in the lower portion 58 of furnace 50c. In 
the upper portion 56, the upper free convection 
current 64 and upper recirculation convection cur- 
rent 66 exist as hereinbefore described. In the 
lower portion 58 of the furnace 50c, forced convec- 
tion current 74 follows a path between the cylin- 
drical baffles 92 and 94. Upper baffle 92 comprises 
a circular disc or plate 96 and depending respec- 
tive inner and outer concentric cylinders 98a and 
98b. The lower baffle 94 comprises a pair of re- 
spective inner and outer upstanding cylinders 99a 
and 99b. The upper baffle 92 may be supported by 
means (not shown) so that a lower margin 100 of 
said upper baffle 92 is separated from the bottom 
wall 12 of the furnace by a gap Gi, Alternately, the 
upper baffle 92 may rest on the furnace bottom 12 
with the lower margin 100 In contact therewith, and 
a plurality of holes (not shown) may be provided 
near said lower margin 100 for allowing the glass 
20 to flow in the direction of the arrows. 

An upper margin 101 of the lower baffle 94 
may be separated from the plate 96 by a spacing 
Q2. Alternately, the plate 96 may rest atop the 
upper margin 101, and holes (not shown) may be 
provided near the margin 101 to allow the glass 20 
to flow in the direction of the arrows. Gaps Gi and 
G2 may be equal to each other. The depending 
cylindrical members 9Ba and 98b and the upstand- 
ing cylindrical members 99a and 99b are separated 



from each other by radial spacing S as shown. The 
outer depending cylindrical member 98b is sepa- 
rated from the sidewall 16 by a gap Ga. Each of 
the respective depending cylindrical members and 

5 upstanding cylindrical members 98a-98b and 99a- 
99b have a height H, Hb. as shown. All the dimen- 
sions hereinbefore described may be varied in 
accordance with design parameters. 

A forced convection cunrent 74 extends from 

ro the gap Qa between the depending cylindrical 
member 98b and the sidewalls 16, under the lower 
margin 100 of said depending cylindrical member 
98b and between the same and the next inwardly 
concentric upstanding outer cylindrical member 

15 99b and so on through a tortuous path towards the 
outlet 14. The glass 20 follows the tortuous forced 
convection current 74 to the outlet 14. and thereby 
experiences sufficient residence time to produce 
good quality glass. 

20 Rgures 6a-6c show a variety of altemative em- 
bodiments of the present invention. In Rgure 63, 
for example, furnace 50d is provided with a pair of 
baffles 102 having apertures 106. The glass flows 
through the apertures 106 via the flow paths 108, 

25 Although each flow path 108 Is not significantly 
lengthened by the baffles 102. some mixing and 
refining occurs as a result of the glass 20 passing 
through the apertures 106. However, free convec- 
tion cun-ents are retarded or eliminated by the 

30 baffles, and transverse flow is obtained, so that the 
MRT Is increased. Further, the apertures 106 may 
be sized depending upon the projected flow pattern 
of the glass 20 within the furnace 50d. For exam- 
ple, where the glass 20 is most fluid the aperture 

35 106 may be sized downwardly. Where the glass 20 
is more viscous, the apertures 106 may be larger 
so that the flow through the furnace 50d may be 
balanced. 

In Figure 6b, clrcumferentially opposed con- 
40 centric cylindrical baffles 104 are shown having 
apertures 106 therein. This arrangement is similar 
to the arrangement of Figure 5. The glass moves 
along flow paths 108 through the apertures 106 as 
shown, 

46 Rgure 6c shows a variation of the arrangement 
illustrated in Rgure 3, A baffle 110 has an aperture 
112 therein. An Intermediate baffle 116 Is located 
below the baffle 110 and has Its marginal edge 111 
spaced from the sidewall 16 by gap G. Rning 

50 plates or baffles 114a and 114b are located be- 
tween the baffle 110 and the intermediate baffle 
118. Each of the fining plates 114a and 114b has 
an aperture 116 therein. Marginal edges 115 of the 
fining plates are spaced from sidewalls 16 by gap 

55 G. The glass 20 flows in parallel forced convection 
currents 119 between the fining plates 114a and 
114b, the baffle 110 and the intermediate baffle 
118. Spacing S between the baffles and plates 110, 
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114a, 114b and 118 is relatively narrow thereby 
forming limited depth flow paths therebetween, 
which reduce free convection velocities. Each 
spacing is bounded by horizontal, or nearly hori- 
zontal, surfaces against which the glass 20 may 
flow, transversely of the shortest flow path, for 
providing improved fining. 

In another embodiment of the invention, shown 
in Rgures 7a and 7b, cylindrical baffles 120 are 
detailed. Each baffle 120 comprises one or more 
sets of segmented cylindrical members 120a, 120b 
and 120c, etc., preferably sandwiched between 
shared pairs of plates 121a, 121b and 121c, The 
plate 121a has an opening 122a therein Inboard or 
centrally C of the baffle 120. and the plate 121b 
has a hole or holes 122b located outboard thereof. 
Similarly, plate 121c has an inboard hole 122c. 
Alternate cylindrical members {e.g., 120a and 120c) 
have respective spaces, holes or passageways 
126a 126c in radial alignment. The cylindrical 
member I20b therebetween has its holes, spaces 
or passageways 126b drcumferentially offset so 
that the glass 20 flows back and forth as shown 
along the path shown by arrows 130 or vis versa. 
Radial partition walls 132 may be used If desired to 
divide the baffle 120 into separate circumferential 
zones I. II. III. etc. 

In Figure 7b, taken along line 7b-7b of Rgure 
7a. flow through the baffles 120 in the vertical 
direction is shown. The flow proceeds via ftow path 
130 through the holes 122c. 122b and 122a 

Other embodiments of circumferential baffles 
are shown respectively in Rgures 7c and 7d as 
spiral baffles 140a and 140b. positioned within the 
sidewalls 16 of a furnace. The baffle 140d includes 
a double spiral baffle member as shown in 7c 
having spiral walls 142a and 142b, thereby creating 
double flow paths 144a and 144b. Multiple respec- 
tive entrances 146a and an exit 146d may be 
provided as shown. Also, the spiral baffles may be 
stacked between plates 147a, having openings 
146a and 146b. similar to the arrangement of Rg- 
ures 7a and 7b, When multiple spiral walls are 
used, the inlet holes are symetrically arranged. For 
example..for a two*walled spiral, the holes 146a are 
180* apart. 

Referring now to Rgure 7d. the baffle 140b 
includes a triple spiral member-having spiral walls 
142c. 142d and I42e. thereby creating ftow paths 
144c. I44d and 144e. Multiple respective entrances 
146b are provided for each flow path within a plate 
147b, which paths terminate in an exit opening 
146d. Again, the inlet holes 146b are symetrically 
arranged circumferential! y about the baffle 140b. 
and as such are 120* apart. 

It should be understood that one or more of the 
different baffles herein described may be used in 



combination for achieving the desired de^gn result, 
and such Is within the spirit and scope of the 
Invention. 

5 

Claims 

1. In a glass melting furnace having means for 
melting glass batch adjacent an inlet end and 

10 means adjacent an outlet end for delivering molten 
glass from said furnace; 

baffle means, positioned within said furnace trans- 
versely across the shortest path, which extends 
substantially axlally of the furnace between said 

IS inlet and outlet ends, for providing a plurality of 
interconnected zones within said furnace including 
a first zone adjacent said inlet end and a second 
zone adjacent said outlet end. 
said baffle means including at least one open por- 

20 tion for facilitating the flow of molten glass between 
adjacent zones, 

and said baffle means Including surface means for 
extending the length of the flow paths of molten 
glass between said Inlet end and outlet end of said 
25 furnace by providing flow paths which are directed 
transversely of said shortest path, and for increas- 
ing the minimum residence time of the molten 
glass within the furnace. 

2. A glass melting furnace as defined in claim 
30 1 wherein said zones provided by said baffle 

means each contains a limited volume of molten 
glass relative to the total volume of the furnace, 
and said baffle means essentially separating the 
volume of molten glass in each zone from that of 
05 an adjacent zone, except for said open portion 
forming a limited passageway therebetween, so 
that free convection currents are materially reduced 
within the molten glass retained by the furnace. 

3. A glass melting furnace as defined In claim 
40 1 wherein at least one of said zones contains a 

plurality of spaced-apart baffle members providing 
flow passageways therebetween, each of said 
spaced-apart baffle members having at least one 
open portion communicating with the flow passage- 

45 ways fonmed on opposite sides thereof, and said 
communicating flow passageways directing the 
flow of molten glass between the inlet and outlet 
ends of the furnace along an extended flow path 
having a direction which Is generally transverse to 

so said shortest path. 

4. A glass melting furnace as defined in claim 
3 wherein adjacent baffle members have offset 
open portions communicating with the flow pas- 
sageways fonmed on opposite sides thereof so as 

55 to form a serpentine flow path. 

5. A glass melting furnace as defined in claim 
3 including means spacing said plurality of baffle 
members relative to one another for limiting the 
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volume of molten glass within the flow passages 
between adjacent members and for minimizing free 
convection currents within the molten glass. 

6. A glass melting furnace as defined In claim 
3 wherein said plurality of spaced-apart baffle 
members includes a series of vertically spaced- 
apart conical baffle members positioned within and 
extending across a vertical melting furnace provid- 
ing flow passageways therebetween, alternate ones 
of said conical b^le members having a central 
open portion communicating between adjacent pas- 
sageways, Intermediate conical baffle members be- 
tween said alternate members having a peripheral 
open portion communicating with adjacent flow 
passageways, said interconnected flow passage- 
ways forming an extended tortuous flow passage- 
way for the molten glass within the furnace thus 
increasing the minimum residence time thereof, 
and the adjacent baffle members being spaced 
sufficiently close together to limit the depth of the 
glass In the flow passageways therebetween to an 
extent to virtually eliminate free convection cun'ents 
in the molten glass within such flow passageways. 

7. A glass melting fumace as defined in claim 
3 wherein said spaced-apart baffle members in- 
cludes a plurality of concentric, axially aligned and 
radially spaced-apart cylindrical-like members posi- 
tioned substantially concentrically with said shor- 
test path, means for closing off axial end portions 
of said cylindrical-lilce members, -each of said 
cylindrical-like members having an open portion 
communicating with flow passageways formed on 
opposite $ides thereof, and said communicating 
flow passageways formed between said spaced- 
apart cyllndricai-like members directing the flow of 
molten glass between the inlet and outlet ends of 
the fumace along an extended tortuous flow path, 

8. A glass melting fumace as defined in claim 
7 wherein said cylindrlcal-iii<e members include a 
plurality of cylinders closed at one axial end by 
said closing means and open at an opposite axial 
end by means of said open portions, and said 
closing off means including a plate extending trans- 
versely of said shortest path. 

9. A glass melting furnace as deflned in claim 
7 wherein said cylindrical-like members include a 
plurality of segmented cylindrical members closed 
at opposite axial ends by said closing means and 
open along circumferential end portions by means 
of said open portions, and alternate ones of said 
radially spaced-apart segmented cylindrical mem- 
bers having their open end portions circumferen- 
tially offset. 

10. A glass melting fumace as deflned in claim 
3 wherein said baffle members include a plurality 
of substantially concentrically arranged spiral baffle 
members having spiral flow passageways fonmed 
therebetween, each of said flow passageways com- 



municating with an individual peripheral opening 
and a common central opening, and said individual 
peripheral openings being symmetrically an'anged 
circiumferentially about said baffle members. 
5 11. A glass melting furnace as defined In claim 

10 including means closing off axial end portions of 
said spiral flow passageways, and said peripheral 
and central openings extending through said clos- 
ing means. 

iQ 12. A glass melting fumace having an upper 

inlet portion and a lower outlet portion, 
means for melting batch material supplied to the 
upper inlet portion of said fumace and for forming 
molten glass in the upper portion of the fumace, 

75 means for discharging molten glass from the lower 
outlet portion of said furnace, 
baffle means extending across said furnace inter- 
mediate said upper Inlet portion and said discharge 
means for establishing at least two zones within 

20 said fumace and for reducing free convection ve- 
locities in the molten glass contained witliln said* 
fumace, 

and said baffle means providing extended flow 
paths for said molten glass between said upper 

25 inlet portion and said discharge means so as to 
Increase tiie minimum residence time of the molten 
glass within the furnace. 

13. A method of increasing tiie minimum resi- 
dence time of molten glass within a glass melting 

30 furnace having an inlet end and an outiet end and 
of reducing free convection velocities wltiiin the 
molten glass which comprises; 
dividing the volume of molten glass witiiln the 
furnace into a plurality of conflned flow patiis each 

05 having a relatively small volume of molten glass 
tfierein compared to the total volume of glass con- 
tained in tiie furnace to thereby reduce free con- 
vection velocities within tiie glass, 
and directing each flow patii transversely across a 

40 portion of tiie fumace between said inlet and outiet 
ends to extend the flow paths tiirough said furnace 
and tiiereby increase tiie minimum residence time 
of the molten glass within the fumace. 
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